Tetracyclic 5-azaindole analogues were prepared by palladium-catalyzed sequential annulation of benzylidene(3-iodopyridinyl-4-yl)amine and 1-aryl substituted internal alkynes under Pd(OAc) 2 , n-Bu4NCl, and Et 3 N at 120 °C. The synthetic procedure showed possible diversification of tetracyclic 5-azaindole analogues by varying the 1-aryl substituent in internal alkynes.
Introduction
Heteroannulated indole and quinoline alkaloids constitute an important class of natural compounds due to their biological activities, which are based mostly on their affinity toward DNA.
1,2 Therefore, these compounds play crucial roles as potential leads for the discovery of biologically active substances. 3 Although isosteric replacements of tetracyclic indole derivatives have strong antibacterial, antimycotic, and antitumor activities, 4 few synthetic methods for tetracyclic azaindole analogues have been reported in the literature. 5, 6 Recently, our group and Larock's group have reported effective annulation methods 7 using internal alkynes to prepare a variety of condensed heterocycles, such as indoles, 8 isoindolo[2,1-a]indoles, 9 carbolines, 10 azaindoles, 11 pyrroloquinolines, 12 and pyridopyrrolo[2,1-a]isoindoles. 13 Our continued interest is to find prospective bioactive heteroannulated indole analogues. Chemical isosteric replacements of biologically active substances often have improved biological properties, such as potency, selectivity, toxicity, and metabolic stability. 14 In this paper, we describe the facile preparation of tetracyclic 5-azaindole analogues using palladium-catalyzed annulation with internal alkynes.
Results and Discussion
We examined the palladium-catalyzed reaction of benzylidene(3-iodopyridin-4-yl)amine with various 1-aromatic substituted internal alkynes under 5 mol % Pd(OAc) 2 , 1 eq n-Bu 4 NCl, 2 eq (i-Pr) 2 NEt, and DMF, at 120 °C. The reactions of benzylidene(3-iodopyridin-4-yl)amine with various functionalized internal alkynes provided reasonable yields of tetracyclic 5-azaindole analogues. The results are summarized in Table 1 .
The effect of substituents on the aryl group was first examined with several different aryl internal alkynes (entries 1-4). The reaction using the 3-fluorophenyl internal alkyne provided a somewhat higher yield of the desired product as compared to the reaction using 3-methoxyphenyl internal alkyne. However, the total reaction time was quite dependent on the substituent in the phenyl group. Although single tetracyclic 5-azaindole analogues were obtained from the reactions using meta-substituted phenyl internal alkynes, the regioselectivity of the second annulation was quite dependent on the phenyl substituent. Conversely, the reaction using 1-(2-thiophenyl)-1-hexyne provided 20% of the tetracyclic product owing to deactivation of the palladium catalyst. Finally, the reactions using various alkyl-substituted 1-aryl internal alkynes afforded moderate yields of tetracyclic 5-azaindole analogues (entries 5-8). Considering previous annulation results, 8, 12 the annulation might proceed via the route illustrated in Scheme 1. The actual catalyst Pd(0) could be formed from Pd(OAc) 2 
Conclusion
The palladium-catalyzed annulation of benzylidene(3-iodopyridin-4-yl)amine with aryl substituted internal alkynes provided tetracyclic 5-azaindole analogues in moderate yields. The annulation reaction showed possible diversification of tetracyclic 5-azaindole analogues with various aryl imines and internal alkynes.
Experimental Section
IR spectra were obtained using a JASCO FT-IR 410 spectrometer. All the 1 H-and 13 C-NMR spectra were recorded on a JNM-AL 400-MHz spectrometer at Chungnam National University. Chemical shifts are given as values relative to tetramethylsilane (TMS) as an internal standard. The GC/MS spectra were obtained on a Shimadzu QP 1000. Melting points were determined on a Mut-TEM apparatus and are uncorrected. Microanalyses were performed at Chungnam National University with a CE Instrument EA 1110. The products were purified by flash chromatography on 230-400-mesh ASTM 60 silica gel. All the bases, nBu4NCl, and palladium species were purchased from Aldrich Chemical Co. The other chemicals were used as obtained from commercial sources, unless otherwise noted.
General procedure for the synthesis of the aryl alkynes 9b . To a solution of an iodo-or bromoarene (10.0 mmol) and a terminal alkyne (12.0 mmol) in Et3N (40 mL) was added PdCl2 (PPh3)2 (140 mg, 2 mol %) in Et3N (40 mL). The mixture was then stirred for 5 min, and CuI (20 mg, 1 mol %) was added. The resulting mixture was heated under a nitrogen atmosphere at 50 ºC. The reaction mixture was allowed to cool to rt, and the ammonium salt was removed by filtration. The solvent was removed under reduced pressure, and then the residue was removed under reduced pressure. The residue was purified by column chromatography on silica gel to afford the pure alkynes.
Preparation of benzylidene(3-iodo-pyridin-4-yl)amine. A mixture of 4-amino-3-iodopyridine 15 (1.2 g, 5.5 mmol), benzaldehyde (0.58 g, 5.5 mmol), and a molecular sieve (1 Scheme 1 g) in benzene (40 mL) was refluxed for 24 h using the DeanStark apparatus to remove the water produced. The reaction mixture was monitored by TLC to establish completion. The reaction mixture was then cooled to rt, and the solvent was removed under reduced pressure. The oily residue was dissolved in a minimal amount of ethanol and cooled. The following compounds were obtained using the above general procedure. (2) 
11-n-Butyl-9-fluoro-6-phenyl-6H-pyrido[3',4':4,5]pyrrolo-[2,1-a]isoindole (2). The compound

